Objective: To evaluate the changes of the biochemical parameters of mineral metabolism and to assess the effect of these changes on the bone mass of young healthy men who voluntarily lived in the Antarctic Continent for one year. Design: Lumbar spine and whole body bone mineral density (BMD) were measured pre-and post-campaign (14 months later). Serum and urinary biochemical parameters were measured every two months. Serum levels of calcium, phosphate, total alkaline phosphatase, parathormone (PTH) and 25-hydroxyvitamin D (250HD) were determined in blood fasting samples; and hydroxyproline, calcium and creatinine in 2 h fasting urine. The subjects received a dose of 100 IUad of vitamin D during May after obtaining the samples and then an average of 125 IUad from July to January. Subjects: Seventeen healthy volunteers, who left Buenos Aires during the 1992 summer: ten arrived in the Belgrano II Base at the end of January and the other seven arrived in San Martõ Ân in March and stayed there up to summer 1993. Results: BMD increased in lumbar spine (L2±L4), total body and the subarea of the legs but there were no differences between the pre-and post-campaign values in arms and pelvis. The percentage of fat mass decreased signi®cantly after 1 y of residence in Antarctica, in comparison to the basal values. Most biochemical parameters remained unaltered and within the normal range during the whole study. PTH showed a nadir in March (end of the summer) when compared to initial levels (73.0 AE28.2 vs 39.9 AE32.7 pgaml, P`0.05), and recovered its initial value in spring. Calcium levels showed a signi®cant decrease in March (9.5 AE0.4 vs 8.5 AE1.0 mg%, P`0.01). 25OHD levels began to decrease in March (24.7 AE6.4 vs 18.7 AE5.3 ngaml), reaching a minimum value whose difference approached statistical signi®cance during the winter period (July: 16.4 AE8.2 ml, 0.05`P`0.06). No signi®cant changes in serum phosphate, total alkaline phosphatase, urinary hydroxyprolineacreatinine and calciumacreatinine ratios were found through the year. Conclusions: 25OHD levels decreased in autumn and winter (nadir in July) and recovered the initial levels by the end of the campaign. An unexplained marked diminution in PTH and serum calcium was found at the beginning of the campaign. In spite of the low vitamin D levels, bone mass in this group of young healthy men increased, probably because of their intense physical activity.
Introduction
Although vitamin D in human beings can be obtained from food, for most of the population of the world the principal source of vitamin D is skin photoproduction after exposure to ultraviolet radiation (Holick, 1991) .
Skin vitamin D3 production is dependant on exposure to the different amounts of UV radiation which reach the surface of the earth, which diminish in autumn and winter and with increasing latitude (Webb et al, 1988) .
We have recently reported an in-vitro study in Ushuaia (55 S, Argentina) which showed that during the winter months, previtamin D3 was not phototransformed into vitamin D3 (Ladizesky et al, 1995) . In a previous study in Antarctica during 1990, we observed that serum 25-hydroxyvitamin D (25OHD) levels decreased to approximately half their initial values during the winter months and were still within the low limit of the normal range at the onset of the summer (Oliveri et al, 1994) . Low levels of serum 25OHD were also reported in Japanese men who lived in Antarctica for one year (Shigeno et al, 1982) and a winter 25OHD diminution of 30% was found in men living in an Australian Antarctic Base (Pitson et al, 1996) .
In the present report, we studied normal adult male volunteers who migrated from the central part of the country (34 S), to two Argentine bases located at 68 S and 78 S in Antarctica during 1992. Bone mass and different biochemical parameters were measured in order to evaluate the effect on mineral metabolism and bone mass of living one year in Antarctica.
Subjects and methods
The study was carried out on 17 men with a mean age of 30 AE5 y (mean AEs.d.), all of whom gave informed consent. All subjects were members of the Armed Forces who volunteered to live in Antarctica for a period of approximately 12±14 months. Prior to the study, medical examinations and biochemical analyses were performed in which no illness was found. The subjects have lived in Buenos Aires and the surrounding areas (34 S) during the two months prior to departure; 10 subjects left Buenos Aires toward the end of December 1991 (the beginning of the summer in the southern hemisphere) and they arrived in the Belgrano II base (78 S) in the middle of January 1992. The ®rst blood sample was taken 40 d after their arrival at the base. The other seven men left Buenos Aires toward the end of February 1992 (mid-summer in the southern hemisphere) and arrived in the San Martõ Ân base (68 S) in March 1992. Daily activities on the bases consisted of recording data for different scienti®c research studies, and base maintenance which included speci®c activities such as: breaking, carrying and loading huge ice-blocks with an average weight of 60 ±70 kg, during 6 haw. They were also involved in routine physical work and an activity program (mean, 30 haweek). Due to the low temperatures, only hands and face were exposed to the sun-light during normal outdoor activities. Food was transported from Buenos Aires and it was not supplemented with vitamin D. One physician on each base was in charge of ®lling out a clinical record of all the subjects included in the study. No important illness was reported throughout the year. Some of the subjects occasionally ingested antacid pills, analgesics, and non-steroidal anti-in¯ammatory medication. After obtaining the blood sample in May, they received multivitamins including an average of 100 UIad of vitamin D during May, and they were administered approximately 125 IUad of vitamin D from July to January Temperature and effective heliophany were measured daily. Heliophany is the period of time (expressed in hours) during which the measuring instrument, the heliophanograph receives direct sun radiation. This measurement is equivalent to the effective sunshine hours (Oliveri et al, 1994) . Monthly mean temperature and heliophany were calculated.
Biochemical analysis
Biochemical parameters were measured only in the subjects living in the Belgrano II Base. Blood samples were obtained before departure and every 60 d during the entire stay in Antarctica. The last sample was taken after arrival in Buenos Aires. Blood samples were centrifuged and serum was stored at 7 20 C until biochemical analyses were performed. Concomitant to the blood sample, a 2-h fasting urine sample was collected and stored at 7 20 C until analysis. A urine sample after arrival in Buenos Aires was not obtained. Samples were frozen and transported to Buenos Aires, to be processed at the University Hospital of Buenos Aires. Samples of each subject were analysed in the same assay, to avoid inter-assay variation.
The following biochemical determinations were performed on each sample: in serum, calcium, phosphate, total alkaline phosphatase, parathormone (PTH), 25OHD; and in urine, calcium, hydroxyproline (HOPro) and creatinine. The results were expressed as: calciumacreatinine and HOProacreatinine ratios in order to avoid sample collection errors. All methods have been previously published (Oliveri et al, 1993; Kiviriko et al, 1967) .
Body composition and bone mass measurements Weight, height, body composition (fat and lean mass) and bone mineral density (BMD) were measured in Buenos Aires before and immediately after the one-year stay in Antarctica using a total body DEXA scanner (Lunar DPX-L, Madison, Wisconsin). BMD determination included: lumbar spine (L2±L4) and total skeleton with the following subareas: arms, legs and pelvis. Results were expressed in gacm.
2 Technical details and coef®cient of variation of each skeletal site have been previously published (Vega et al, 1993) . Body mass index (weightaheight 2 ) was calculated based on weight and height.
Statistics
Data were evaluated using Students t-test for paired samples, P values`0.05 indicated statistical signi®cance. The Kruskall Wallis Test (nonparametric Anova) for grouped samples was also performed.
Results

Climate
Belgrano II Base. Table 1 shows the temperature and the effective heliophany during the period studied. Polar night was registered from 25 April to 18 August. The minimum temperature was 7 41 C in August and the maximum temperature recorded was 4.5 C in December.
San Martõ Ân Base. Temperature and heliophany during this period are shown in Table 1 . Minimum temperature was 7 35.6 C in August and maximum temperature recorded was 11.5 C in December.
Body composition and bone mass measurements A decrease in fat mass ( $ 2 kg) was observed after the year of residence in Antarctica, while lean mass did not change. The decrease in fat mass was signi®cant when expressed as a percentage of the total mass (Table 2) . A signi®cant increase in the BMD of the lumbar spine (P`0.0001), the total skeleton (P`0.0005) and the leg sub-area (P`0.0001) was observed after the campaign ( Table 2 ). The other sub-areas (pelvis and arms) showed no signi®cant change. Table 3 shows the absolute values (x AEs.d.) of the biochemical analysis throughout the study.
Biochemical analysis
PTH remained within the normal values during the whole study. However, a nadir was detected in March (end of the summer) which was signi®cant compared to Effect of one year residence in Antartica B Oliveri et al the pre-campaign value (73.0 AE28.2 vs 39.9 AE32.7 pgaml, P`0.05). After this nadir, PTH started to increase, reaching its initial value in spring. Serum calcium levels remained within the normal range except in the March sample. Serum calcium followed the PTH drop closely, showing a signi®-cant decrease in March (9.5 AE0.4 vs 8.5 AE1.0 mg%, P`0.01) but recovered its initial value two months later ( Figure 2 ). 25OHD levels began to decrease in March compared to the basal levels (24.7 AE6.4 vs18.7 AE5.3 ngaml), reaching a minimum value (34% of basal values) during the winter period (July: 16.4 AE8.2 ngaml, 0.06 b P b 0.05) and recovering its initial values in November (24.1 AE10.3 ngaml). Figure 1 shows the 25OHD variations related to the variations of the temperature and sunshine hours (expressed by heliophany).
No signi®cant changes in serum phosphate, total alkaline phosphatase and urinary hydroxyprolineacreatinine and calciumacreatinine ratios were found throughout the year.
Discussion
The half-life of 25OHD in human circulation is approximately three weeks and its serum levels are representative of the vitamin D nutritional status (Poskitt et al 1979) . In our study, the initial serum 25OHD values were 24.7 AE6.4 ngaml which were not statistically different from those obtained in a previous study in a normal population of Buenos Aires (34 S) (23.5 AE6.3 ngaml) at the end of the summer (Ladizesky et al, 1987). The 25OHD levels during the year showed an initial 24% drop in March, reaching a 34% decrease in July when the minimum level of circulating 25OHD was registered (16.4 AE8.2 ngaml). These ®ndings are of a lower magnitude but similar to the tendency found in the previous 1990 campaign where a 46% decrease of the initial 25OHD levels was observed in March (beginning of autumn) reaching a minimum concentration of 10.0 AE4.3 ngaml in July (Oliveri et al, 1994) . These differences could be explained by the fact that the subjects of this study presented higher circulating levels of 25OHD at the onset and because they were administered multivitamin pills with a small dose of vitamin D during May after the sample collection. The latter might have blunted the decline in 25OHD level which represents both skin-produced and orally-administered vitamin D (Poskitt et al, 1979) .
After decreasing with the approaching polar night, 25ODH concentration began to rise and reached values similar to the pre-campaign values. The diminution of the 25OHD levels is explained by the extremely low temperature that forbids outdoor activities and to the fact that the amount of UV radiation is not suf®cient to produce endogenous vitamin D. These in-vivo ®ndings (Oliveri et al, 1990) agree with an invitro study (Ladizesky et al, 1995) performed in Ushuaia (54 S) that demonstrated that UVB is negligible from April to July. During the second half of the year (spring and summer) 25OHD recovered its initial values; these results were different from those obtained in a similar previous study, where 25OHD did not recover its pre-campaign values throughout the whole study (Oliveri et al, 1994) . This could be explained both by the vitamin D administered in the second half of the Table 3 Biochemical parameters evolution (I.S.D.) in the volunteers from Belgrano base (n 10), pre-(before study) and post-(after study) PreMarch May July September November January PostCalcium (mg%) 9.5 AE0.4 8.5 AE1.0*** 9.4 AE0.4 9.7 AE0.8 9.5 AE0.5 9.6 AE0.4 9.6 AE0.5 9.4 AE0. Analysed by Kruskall±Wallis test (non parametric ANOVA). *0.05`P`0.06 compared to basal values; **P`0.05 compared to basal values; and ***P`0.01 or P`0.05 compared to basal values and all the other determination. Effect of one year residence in Antartica B Oliveri et al year and by the increase in exposure to sunlight allowed by longer sunshine hours and higher temperatures. This relationship may be observed in Figure 1 . There were no statistically signi®cant differences between the serum total alkaline phosphatase levels during the study. In a previous study we found statistically signi®cant variations in the alkaline phosphatase levels which decreased in winter months. Seasonal variations of serum alkaline phosphatase levels have been described (Hyldstrup et al, 1986) , in healthy adult men. Higher values were registered in winter although these variations did not occur in the same group the following year. It was therefore attributed to a random change. Other studies (Overgaard et al, 1988) found no variations in alkaline phosphatase levels during the year in adult women; however, they did observe changes in their serum 25OHD levels.
In our study PTH varied within normal levels, but on arrival at the base a signi®cant decrease of 50% was found. A concomitant decrease in the serum calcium levels was observed (Figure 2 ). These levels recovered gradually, reaching initial values in September. We could not ®nd any reference in the literature or any evidence in this investigative data to explain the serum calcium and PTH diminutions.
Due to the previous observation of a signi®cant vitamin D de®cit during their stay in the Antarctic, a detrimental effect on bone mass was likely. However, an unexpected average 3.6% rise in the lumbar spine and 1.7% in the total skeleton was observed (mainly accounted for by an increase in legs BMD).
Longitudinal studies in young men (20±35 y), who had up to 10haweek physical activity, showed no variation in lumbar spine, proximal femur and whole body BMD after one year (Slosman et al, 1994) . On the other hand, young women (aged 20 ± 30 y) who had been training in muscle building activities for at least 1haweek during a 2±5 y period showed a higher lumbar BMD when compared to sedentary women (Rauce et al, 1990) . Other authors (Buchanan et al, 1988) did not ®nd any signi®cant differences in the lumbar spine BMD between sedentaries and those with aerobic training unless the aerobic trainers performed selective mechanical loading of the spine. Summarizing, the majority of the authors agree that the effect of sports on bone mass is selective affecting sites where mechanical loading is maximum. Speci®cally in the individuals of our study, the rise in lumbar spine could be attributed to the localized overloading of the back muscles by their physical activities described above.
The only change observed in the body composition was a diminution in the percentage of the fat mass, that could also be explained by the higher physical activity.
In summary, the biochemical changes observed in a group of healthy young men who lived in Antarctica during a year were the following: a marked unexplained diminution in serum PTH and calcium levels at the beginning of the campaign; a decrease in 25OHD levels in the winter and recovery of their initial levels in spring (the diminution was not so great as in previous studies, probably due to the vitamin D supplement the subjects received during the year); an unexpected (in spite of the low vitamin D levels) increase in bone mass probably because of their intense physical activity. Effect of one year residence in Antartica B Oliveri et al
